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REAL - TIME UPDATES TO MAPS FOR stored by the road side unit , for the vehicle , send a query to 
AUTONOMOUS NAVIGATION a neighbor road side unit seeking data to augment the map , 

in response to the query , receive the data to augment the map 
TECHNICAL FIELD from the neighbor road side unit , update the map based on 

5 the data to augment the map to obtain an updated map , and 
The present disclosure relates to vehicle navigation . send at least aspects of the updated map to the vehicle . 

BACKGROUND Example Embodiments 

Autonomous vehicles use various computing systems to 10 FIG . 1 depicts a scene 100 and network components that 
aid in the transport of a person or people , items , or cargo are used to maintain updated maps and related information 
from one location to another . Some autonomous vehicles for autonomous vehicles in accordance with an example 
may require initial input or continuous input from an opera- embodiment . Specifically , in the example embodiment , 
tor . Other systems , including , e.g. , autopilot systems , may be scene 100 includes a road intersection 110. Several vehicles 
used only when the system has been engaged , which permits 15 105a ( V1 ) , 105b ( V2 ) , 105c ( V3 ) are depicted in the 
the operator to switch from a manual mode ( where the roadway . A plurality of road - side units ( RSUS ) 300a , 300b , 
operator exercises a high degree of control over the move- 300c are deployed in the vicinity of the intersection 110 and 
ment of the vehicle ) to an autonomous mode ( where the along ( e.g. , adjacent , above ) the roadways . Each of the 
vehicle essentially drives itself ) to modes that lie somewhere RSUS is also in communication with a central or cloud 
in between . 20 server 150 and one or more external sensors or information 

These autonomous vehicles may maneuver themselves providers 160. Cloud server 150 may be configured to 
between locations using highly detailed maps and / or models maintain overall control over the RSUS , and map generation 
in conjunction with sensors for detecting the vehicle's and distribution . That is , cloud server 150 may operate as 
surroundings . If the detailed maps are incorrect , it may be both an administrator of the RSUs and as a processor to 
particularly difficult or impossible for the vehicle to safely 25 generate maps , or at least provide data to the RSUs to 
and efficiently navigate without input from the operator . generate maps locally . 

Although not shown in FIG . 1 , those skilled in the art will 
BRIEF DESCRIPTION OF THE DRAWINGS appreciate that scene 100 may include a host of other 

elements such as lane markers ( white , yellow lines , etc. ) , 
FIG . 1 depicts a scene and network components to main- 30 curbs , guardrails , highway dividers , buildings , trees , parked 

tain updated maps and related information for autonomous cars , pedestrians , road work sites , stop signs , traffic signals , 
vehicles in accordance with an example embodiment . among other possible features . Such features can all be part 
FIG . 2 is depicts features of an autonomous vehicle in of the detailed maps that are generated and supplied to the 

accordance with an example embodiment . vehicles . 
FIG . 3 depicts features of a road - side unit in accordance 35 As will be described more fully below , vehicles 105a , 

with an example embodiment . 105b , 105c operate by , among other things , consulting a 
FIG . 4 is a flow chart depicting a series of operations that stored detailed ( 3D ) map to compute where to drive / navi 

may be performed by map update logic operated by a gate . As such , it is important that the detailed map is as 
road - side unit in accordance with an example embodiment . accurate and up to date as possible . Unfortunately , elements 
FIG . 5 is another flow chart depicting a series of opera- 40 of a scene , such as scene 100 , can change relatively quickly 

tions that may be performed by map update logic in a compared to a baseline map that might be stored within a 
road - side unit in accordance with an example embodiment . given vehicle . A given change might be transient such as a 

lane closure , or an accident . Other changes may be more 
DESCRIPTION OF EXAMPLE EMBODIMENTS permanent including a new traffic sign or a new building that 

45 has been constructed . A vehicle that is presented with a 
Overview scene that does not match its currently stored map may 

Presented herein are techniques for updating detailed become confused and either stop in a failsafe mode , or 
maps used to navigate an autonomous vehicle . The tech- drive / navigate in a manner that is unsafe . 
niques include determining that a vehicle has come within a Thus , the several RSUS 200a , 2005 , 200c are used , in 
predetermined range of a road side unit , establishing a 50 accordance with the instant embodiments , to maintain 
communication link with the vehicle , receiving , from the updated versions of the maps and to provide to relevant 
vehicle , data sufficient to identify a vehicle type of the vehicles the updated versions of the maps or a set of 
vehicle , based on the vehicle type , selecting a map , stored by deviation data that enables a given vehicle to properly 
the road side unit , for the vehicle , sending a query to a update its stored map to a most up to date version . As will 
neighbor road side unit seeking data to augment the map , in 55 also be discussed further below , the RSUs can communicate 
response to the query , receiving the data to augment the map with one another , the vehicles , cloud server 150 and other 
from the neighbor road side unit , updating the map based on external sensors / information provider 160 to better ascertain 
the data to augment the map to obtain an updated map , and if / when updates to a given map may be warranted . The 
sending at least aspects of the updated map to the vehicle . RSUs can also be used to control what data may be uploaded 

Also presented herein is a device that includes an inter- 60 to cloud server 150. That is , each RSU may be used to 
face unit configured to enable network communications , a throttle the amount of data that flows toward cloud server 
memory , and one or more processors coupled to the interface 150 in an effort to avoid using too much bandwidth and 
unit and the memory , and configured to : determine that a overwhelming cloud server 150 with unnecessary , outdated 
vehicle has come within a predetermined range of a road or duplicative data . 
side unit , establish a communication link with the vehicle , 65 FIG . 2 depicts features of an autonomous vehicle 105 in 
receive , from the vehicle , data sufficient to identify a vehicle accordance with an example embodiment . Autonomous 
type of the vehicle , based on the vehicle type , select a map , vehicle 105 may be any type of vehicle including , but not 



maneuver . 

US 10,907,974 B2 
3 4 

limited to , a car , truck , drone , motorcycle , bicycle , bus , boat , street - level imagery , such as highly detailed image data 
airplane , helicopter , lawnmower , recreational vehicle , depicting the surroundings of a vehicle from the vehicle's 
amusement park vehicle , piece of farm equipment , piece of point - of - view . And , as noted , the map 236 may also include 
construction equipment , tram , golf cart , train , and trolley . 3D terrain maps incorporating one or more of the objects 
The vehicle may have one or more computers , such as a 5 listed above . The data may include , for example , environ 
computer 210 containing a processor 220 , memory 230 and mental data that is transient , such as the accumulated snow 
other components typically present in general purpose com- since the last snow removal truck came by , which may have 
puters . been 5 mins ago . Note that some of this transient informa 

Processor 220 may be any conventional processor , such as tion is beneficial to capture and share at the local RSU , but 
commercially available central processing units ( CPUs ) 10 may have less value to send and add to the map in the cloud . 
and / or graphics processing units ( GPUs ) . Alternatively , the Data 234 may also include traffic pattern model informa 
processor may be a dedicated device such as an application tion 238 , e.g. , a highly detailed model indicating the distri 
specific integrated circuit ( ASIC ) or other hardware - based bution of typical or expected speeds , trajectories , locations , 
processor . Although FIG . 2 functionally illustrates the pro- accelerations / decelerations ( changes in speed ) , or other such 
cessor , memory , and other elements of computer 210 as 15 characteristics of vehicles or other moving objects on the 
being within the same block , it will be understood by those locations of the map 236. This data may be generated , for 
of ordinary skill in the art that the processor , computer , or example , by observing how vehicles , pedestrians , bicycles , 
memory may actually comprise multiple processors , com- etc. move at different locations in the map 236. That is , data 
puters , or memories that may or may not be stored within the for the traffic pattern model information 238 might be 
same physical housing . 20 generated based on long term observation and learning of 

In various aspects described herein , the processor 220 traffic patterns . 
may be located remotely from the vehicle 105 and commu- In some aspects , the traffic pattern model information 238 
nicate with the vehicle 105 wirelessly . In other aspects , some may indicate information pertinent to the entire road . For 
of the processes described herein are executed on a proces- example , the traffic pattern model information 238 may 
sor disposed within the vehicle 105 and others by a remote 25 indicate a range of speeds for vehicles travelling along a 
processor , including taking the steps to execute a given road , specific to each particular lane or independent of the 

lanes . The traffic pattern model information 238 may indi 
The memory 230 stores information accessible by the cate a range of trajectories for vehicles travelling in particu 

processor 220 , including autonomous vehicle logic ( or lar lanes . 
instructions ) 232 and data 234 that may be executed or 30 The vehicle may also be equipped with one or more 
otherwise used by the processor 220. The memory 230 may sensors or detection components 244 for detecting objects 
be of any type capable of storing information accessible by external to the vehicle such as other vehicles , obstacles in 
the processor , including a computer - readable medium , or the roadway , traffic signals , signs , trees , buildings , weather , 
other medium that stores data that may be read with the aid etc. The detection components or sensors 244 may include 
of an electronic device , such as a hard - drive , memory card , 35 lasers , sonar , radar , LIDAR , cameras or any other detection 
ROM , RAM , DVD or other optical disks , as well as other devices which record data and which may be processed by 
write - capable and read - only memories . Systems and meth- the computer 210 . 
ods may include different combinations of the foregoing , Computer 210 may be capable of communicating with 
whereby different portions of the instructions and data are various components of the vehicle 105. For example , the 
stored on different types of media . 40 computer 210 may be in communication with the vehicle's 
The autonomous vehicle logic 232 may be any set of central processor 260 and may send and receive information 

instructions to be executed directly ( such as machine code ) from the various systems of vehicle 105 , for example the 
or indirectly ( such as scripts ) by the processor . For example , braking 280 , acceleration 282 , signaling 284 , navigation 
the instructions may be stored as computer code on the 286 , direction / speed detection device 252 and geographic 
computer - readable medium . In that regard , the terms 45 position component 250 systems in order to control the 
“ instructions ” and “ programs ” may be used interchangeably movement , speed , etc. of vehicle 105. In addition , when 
herein . engaged , computer 210 may control some or all of these 

The data 134 may be retrieved , stored or modified by functions of vehicle 105 and thus be fully or partially 
processor 220 in accordance with the autonomous vehicle autonomous . Finally , vehicle 105 includes a network inter 
logic 232 . 50 face 239 that may be used to communicate , e.g. , wirelessly , 

The data may include environmental data that was with a given RSU 300. This wireless communication pro 
obtained at a previous point in time and is expected to persist vides a rich set of data to the RSU 300 that can be leveraged 
regardless of the vehicle's presence in the environment . For to augment and update the map 236 , as will be discussed 
example , data 234 may include a map 236 , e.g. , a highly below . 
detailed 3D map that represents the shape and elevation of 55 FIG . 3 depicts features of an RSU 300 in accordance with 
roadways , lane lines , intersections , crosswalks , speed limits , an example embodiment . A road - side unit 300 includes a 
traffic signals , buildings , signs , real time traffic information , computer 310 , which may be similar to computer 210 , and 
or other such features and information . These features may a processor 320 , which may be similar to processor 220. A 
be persistent , and may be updated , as described in more memory 330 may be configured to store map update logic 
detail below , when the vehicle 105 approaches the location 60 332 , i.e. , computer logic or code encoded in a computer 
of a feature in the map 236 , or when the vehicle commu- readable medium similar to that described for autonomous 
nicates with one or more RSUs . The map 236 may also vehicle logic 232 , and data 334 for multiple vehicles 105 
include explicit speed limit information associated with that may be within a predetermined range of the RSU 300 . 
various roadway segments . The speed limit data may be Data 334 may include sensor data 336 received wirelessly 
entered manually or scanned from previously taken images 65 from respective vehicles via network interface 339 and may 
of a speed limit sign using , for example , optical - character further include , for example , data about a type of the vehicle 
recognition . The map 236 may also include two - dimensional 337. For example , the vehicle may be a truck or a car , a 
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bicycle , or a drone . In accordance with embodiments enabling the RSU 300 to provide the most appropriate 
described herein , the type of vehicle can be used to deter- information back to the vehicle . 
mine what sort of map or map update is to be provided to the Thus , in the instant embodiments , once a given RSU 300 
vehicle , or what type of information or data might be learns where a vehicle might be going next , or determines 
missing from the vehicle's already stored map 236 such that 5 that information might be missing from its own stored map , 
the RSU 300 will query the vehicle , another RSU , or cloud the RSU can communicate and query a neighbor RSU to 
server 150 to obtain additional / selected information that obtain further map data to update its own map and then 
may be more useful for that particular type of vehicle . deliver the updated map or map deviation data set to the 

vehicle . In operation , each RSU 300 is configured to store a base 
map , and is further configured to update that base map using FIG . 4 is a flow chart depicting a series of operations that 
map update logic 332. For example , cloud server 150 might may be performed by map update logic 332 operated by a 

road - side unit 300 in accordance with an example embodi deliver a base map to RSU 300 at a point in time . That same ment . At 410 the RSU determines that a vehicle has come base map may also be supplied to any one of the vehicles within a predetermined range . At 412 , the RSU establishes 105. Thereafter , a given vehicle , assume vehicle 105b for 15 a communication link with the vehicle . At 414 , the RSU 
purposes of discussion , travels by RSU 300b and supplies receives , from the vehicle , data sufficient to identify a type sensor data to RSU 300b , enabling RSU 300b to augment or of the vehicle ( or where it is travelling , or any other number update its base map . Updates to the base map might include of characteristics about the vehicle ) This step might also 
parked cars , accidents , new road signs , the fact that ice has include obtaining a type / version of the map that that vehicle 
been detected on the road , or that there is a pot hole in a 20 has stored to establish the base map . At 416 , and based on 
particular location , among other elements that might further the vehicle type ( or other characteristic ) , the RSU selects a 
elaborate on , or otherwise update a base map . RSU 300b map , stored by the road side unit , for the vehicle . Selecting 
might also obtain updates from cloud server 150 and exter- a map may comprise , e.g. , selecting aspects of the base map 
nal sensors / information provider 160 ( e.g. , weather fore- that are most relevant to the type of vehicle or where the 
casts , upcoming construction notices , etc. ) to still further 25 vehicle is programmed to travel . At 418 , the RSU sends a 
update its base map . query to a neighbor RSU seeking data to augment the map 
When yet another vehicle , e.g. , 105d , enters a zone ( or type of map ) that has been selected . At 420 , the RSU 

covered by RSU 3006 , the vehicle 100d communicates with receives the data to augment the map from the neighbor 
RSU 300b to verify that the vehicle's currently stored base RSU . At 422 the RSU updates the selected map ( or type of 
map matches the base map which is stored in the RSU . This 30 map ) based on the data to augment the map to obtain an 
comparison could be performed , for example , by the vehicle updated map . At 424 the RSU sends at least a portion of the 
sending , to RSU 300b , a hash value of the base map stored updated map to the vehicle . That is , the RSU sends a map 
in the vehicle 105d . RSU 300b can then confirm that the base deviation data set to the vehicle or sends a complete updated 
maps match . RSU 300b can then send , e.g. , a map deviation map to the vehicle . 
data set to the vehicle 105d based on the information RSU 35 By having RSUS communicate with one another it is 
300b previously received from the earlier passing vehicle possible to minimize the amount of information exchanged 
105b . That is , RSU 300b might send to the vehicle 1050 a with a cloud server 150 ( which might otherwise be respon 
collection of information delineating the differences sible for collecting all data from all RSU and coordinating 
between the base map stored in the vehicle 105d and the which information to provide to which vehicles ) , thus mini 
updated map that has been generated by the RSU over recent 40 mizing the amount of bandwidth consumed in the network . 
time . It is noteworthy that because a deviation data set In connection with selecting an appropriate map , the 
typically has less overall data than full map , the transfer scope of the updated map or map deviation data set sent 
time needed for the vehicle to obtain the map deviation data from the RSU 300 to the vehicle 105 might depend on 
set from RSU 300b is less than the time needed to send a full vehicle type , e.g. , a light bicycle versus an 18 - wheeler truck . 
map . 45 At the network edge ( the RSU level ) , the RSU 300 can scale 

If RSU 300b determines that vehicle 105d has a different the map in size , information content and perspective , and 
base map from the currently - stored based map in RSU 300b , create a version that is tailored to the target vehicle ' needs 
then RSU 300b can send the updated map , or its currently- and capabilities . 
stored base map , as a new base map to vehicle 105d . In accordance with a further embodiment , there can be a 
The map deviation data set transmitted to vehicle 105d 50 communication exchange between the RSU 300 and the 

can be a function of ( 1 ) location of vehicle , ( 2 ) current vehicle 105 during which the RSU 300 queries the vehicle 
direction ( e.g. , speed ) and type of vehicle , and ( 3 ) intended to determine what data would be most useful to transmit , and 
or anticipated next steps in driving trajectory . Depending on what data might be unnecessary to transmit . That is , the 
the context ( such as location , direction , speed , intended vehicle might request specific information . For example , a 
trajectory , etc. ) , an overlay of dynamic information such as 55 passenger might want to know if there is traffic several 
traffic can be delivered . Such context is particularly relevant blocks away . The RSU can then communicate with the 
and scalable at the “ edge , ” i.e. , at the RSU network level , as relevant neighbor RSU to obtain the requested data . 
opposed to the cloud server 150 level . Adaptive Edge Computing 

For example , if a vehicle is driving northbound on a road , Conventional approaches to ensuring that vehicles have 
the information that is most valuable to it will probably be 60 the most up to date maps are cloud - based where sensor data 
different from information related to driving southbound . collected by the vehicle is sent to the cloud , e.g. , cloud 
Similarly , when a vehicle approaches an intersection , the server 150. In such configurations , the RSUs might operate 
most valuable information depends on ( a ) where it is coming merely as pass through devices or conduits for information 
from and ( b ) where it is going , e.g. , driving northbound between a given vehicle and the cloud . However , it can take 
( coming from the south ) and planning to turn right at the 65 a significant amount of bandwidth and related cost to send 
intersection . Therefore , when a vehicle communicates with large volumes of data to the cloud . The cost may come in the 
an RSU 300 , the vehicle may provide such information form of scaling that involves increased CPU and memory 
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resources in the cloud . Such scaling issues might also result etc. At 504 , the RSU processes the data or telemetry to detect 
in increased communication latency between a vehicle and one or more objects and one or more characteristics ( e.g. , 
the cloud , proving detrimental to the vehicle's decision location , size , color , movement , etc. ) of those one or more 
making process . Adaptive processing at the edge ( RSU objects . At 506 , for each detected object , the RSU compares 
level ) addresses this problem . For example , consider an 5 the one or more characteristics of the detected object to its 
RSU that experiences a continuous stream of vehicles that stored map . For example , a characteristic for the location or 
travel by . More specifically , assume that 20 vehicles pass a size of a stationary object may be compared to the locations given RSU over the course of one minute . These 20 vehicles of objects in the map . At 508 , the RSU then determines a will likely send the identical or very nearly identical sensor deviation value for the compared one or more characteris data or telemetry . In accordance with the instant embodi- 10 tics . Deviation values can be based on percent deviation , ments , instead of transmitting each of the 20 vehicles ' sensor 
data to the cloud , the RSU 300 can instead process this data minimum or maximum deviation , etc. At 510 , the RSU 

determines whether the deviation values are within threshold or telemetry and determine common aspects and character 
istics and thus send a reduced amount of data to the cloud . values for the relevant characteristics . These thresholds may 

For example , the RSU can be configured to identify 15 be determined by an administrator and may be different for 
duplicate information and only transmit non - duplicative different kinds of objects . If the deviation value is within a 
information to the cloud server 150 . threshold , more data is collected from vehicles for process 

The RSU can be configured to identify complementary ing . If at 510 the deviation values are not within the relevant 
information and send only the complementary information threshold deviation values , the RSU , i.e. , map update logic 
to the cloud server 150 . 20 332 , updates its map . At 514 , the RSU sends the updated 

The RSU can use the sensor data to compose a map or map or a map deviation data set to the cloud server 150. It 
model and only send the resulting map or model to the cloud should be understood by those skilled in the art , that the 
server 150 . same updated map or map deviation data set can also be 

The RSU can be configured to use the sensor information shared with neighbor RSUs and vehicles . 
to refine the map or model and only send the refinement to 25 It should also be noted that telemetry need not be received 
the cloud server 150 . from all vehicles for map updating . Telemetry could be 

The RSU can be configured to identify higher priority limited to certain “ trusted vehicles ” such as public transpor 
information ( e.g. , detecting an erratic car driving in the tation vehicles ( e.g. , busses , light trains ) , police cars , 
wrong direction ) , and give bandwidth priority to such infor- firetrucks , etc. Alternatively , the RSUs can be configured to 
mation . 30 statistically weigh telemetry received from vehicles , and that 

Thus , the RSU can build and continuously refine a map or such weighting might not begin until telemetry from a 
model , estimating gaps , and then requesting the types of data threshold number of vehicles has been received . Higher 
that would fill the gaps . A key element of the above is weights may be given to selected vehicles whose past data 
feedback between the RSU and either the vehicle and / or has consistently proven to be accurate . Further , less transient 
other RSUs to guide what information is sent . 35 changes can be supplied by , e.g. , cloud server 150 , thereby 

In addition , and in connection with the prior discussion , alleviating the need to provide frequent updates to every 
there can be interactions between multiple , usually neigh- vehicle . That is , the cloud server 150 can be responsible for 
boring RSU's . For example , one RSU may have a detailed distributing new base maps when significant non - transient 
map or model of the environment from the south side of a changes are made to the scene or environment . 
scene looking north , while another RSU ( perhaps a more 40 In sum , autonomous vehicles use high definition 3D maps 
northern RSU ) may have a detailed map or model of the to augment their perception of the environment captured 
environment from the north side of a scene looking south . through their own sensors to establish a highly accurate 
Because the RSUs know their local neighbors and associated position within the environment . However , the detailed 
coverage areas , a given RSU can query a neighbor RSU maps suffer from enormous data sizes and the challenge of 
having the data or information that is being sought to fill a 45 keeping them up to date , especially when relying on a cloud 
gap in the map or model stored in the given RSU . The or central server . Embodiments described herein push much 
resulting updated map or model can then be shared with ( 1 ) of the map processing to the edge of the network , i.e. to local 
vehicles , ( 2 ) still other neighboring RSUS , and ( 3 ) the cloud RSUS , which are configured to update maps locally , com 
server 150. Notably , the cloud server 150 is not relied upon municate those maps or map deviation data sets to vehicles , 
for initial or even substantial processing . Processing is 50 and communicate selected data to the cloud . The RSUs can 
instead performed at the edge , i.e. , at the RSU level . This not also communicate with another to enhance the map updating 
only mitigates bandwidth usage , it can also help avoid process . 
latency with having to rely on communication with the cloud In summary , in one form , a method is provided . The 
server 150 . method includes determining that a vehicle has come within 
FIG . 5 is another flow chart depicting a series of opera- 55 a predetermined range of a road side unit , establishing a 

tions that may be performed by map update logic 332 in a communication link with the vehicle , receiving , from the 
road - side unit 300 in accordance with an example embodi- vehicle , data sufficient to identify a vehicle type of the 
ment . These operations are employed to throttle or control vehicle , based on the vehicle type , selecting a map , stored by 
the amount or quality or type of data or information that is the road side unit , for the vehicle , sending a query to a 
sent to cloud server 150. That is , the described operations are 60 neighbor road side unit seeking data to augment the map , in 
performed by an RSU to determine what aspects or elements response to the query , receiving the data to augment the map 
of information received from multiple vehicles should be from the neighbor road side unit , updating the map based on 
sent to the cloud server 150 , as opposed to sending all the data to augment the map to obtain an updated map , and 
received information or data to the cloud server 150 . sending at least aspects of the updated map to the vehicle 

At 502 the RSU receives data or telemetry from one or 65 In an embodiment , sending at least aspects of the updated 
more vehicles . For example , as described above , the RSU map comprises sending differences between a map stored in 
may receive information from a laser , camera , radar unit , the vehicle and the updated map . 
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The method may further include receiving telemetry from instructions may further case the processor to send at least 
a plurality of vehicles within the predetermined range , and aspects of the updated map by sending differences between 
updating the map based on the telemetry . The method may a map stored in the vehicle and the updated map , and / or to 
still further include determining a deviation value for an receive telemetry from a plurality of vehicles within the 
aspect of the telemetry compared to an aspect of the map , 5 predetermined range . 
and not updating the map when the deviation value is within The above description is intended by way of example 
a predetermined threshold value . The method may further only . Various modifications and structural changes may be 
include determining a deviation value for an aspect of the made therein without departing from the scope of the 
telemetry compared to an aspect of the map , and further concepts described herein and within the scope and 
updating the map when the deviation value is beyond a 10 equivalents of the claims . 
predetermined threshold value . The method may still further 
include sending an indication of the aspect of the telemetry What is claimed is : 
to a central server . 1. A method comprising : 

In accordance with an embodiment , updating the map determining , by a first road side unit , that a vehicle has 
may be based on data received from a central server . 15 come within a predetermined range of the first road side 
Updating the map may also be based on data from an unit ; 
external information source other than a central server . establishing a communication link between the first road 

The method may also include sending a query to the side unit and the vehicle ; 
vehicle , the query enabling the vehicle to request selected receiving , by the first road side unit , from the vehicle , an 
information as part of the updated map . indication of a vehicle type of the vehicle ; 

In another form , a device is provided that includes : an based on the vehicle type , the first road side unit selecting 
interface unit configured to enable network communica a map , stored by the first road side unit ; 
tions , a memory , and one or more processors coupled to the sending , by the first road side unit , to a second road side 
interface unit and the memory , and configured to : determine unit , a query requesting augmented map data ; 
that a vehicle has come within a predetermined range of a 25 in response to the query , the first road side unit receiving 
road side unit , establish a communication link with the the augmented map data from the second road side unit ; 
vehicle , receive , from the vehicle , data sufficient to identify updating , by the first road side unit , the map based on the 
a vehicle type of the vehicle , based on the vehicle type , augmented map data resulting in an updated map ; and 
select a map , stored by the road side unit , for the vehicle , sending , from the first road side unit , at least aspects of the 
send a query to a neighbor road side unit seeking data to 30 updated map to the vehicle , 
augment the map , in response to the query , receive the data wherein the predetermined range of the first road side unit 
to augment the map from the neighbor road side unit , update is stored in the second road side unit , and a predeter 
the map based on the data to augment the map to obtain an mined range of the second road side unit is stored in the 
updated map , and send at least aspects of the updated map first road side unit , and wherein the first road side unit 
to the vehicle . sends the query requesting augmented map data to the 

The one or more processors are further configured to send second road side unit using the predetermined range of 
at least aspects of the updated map by sending differences the second road side unit stored in the first road side 
between a map stored in the vehicle and the updated map . unit . 

The one or more processors are further configured to 2. The method of claim 1 , wherein sending at least aspects 
receive telemetry from a plurality of vehicles within the 40 of the updated map comprises sending differences between 
predetermined range , and the one or more processors are a map stored in the vehicle and the updated map . 
further configured to update the map based on the telemetry . 3. The method of claim 1 , further comprising receiving 
The one or more processors may be further configured to sensor data from a plurality of vehicles within the predeter 
determine a deviation value for an aspect of the telemetry 
compared to an aspect of the map , and not update the map 45 4. The method of claim 3 , further comprising further 
when the deviation value is within a predetermined thresh- updating the map based on the sensor data . 
old value . The one or more processors may also be config- 5. The method of claim 3 , further comprising determining 
ured to determine a deviation value for an aspect of the a deviation value between the sensor data and an aspect of 
telemetry compared to an aspect of the map , and further the map , and further updating the map when the deviation 
update the map when the deviation value is beyond a 50 value is beyond a predetermined threshold value . 
predetermined threshold value . The one or more processors 6. The method of claim 5 , further comprising sending an 
may still be further configured to send an indication of the indication of the sensor data to a central server . 
aspect of the telemetry to a central server . 7. The method of claim 1 , further comprising further 

In still another embodiment , a non - transitory tangible updating the map based on data received from a central 
computer readable storage media encoded with instructions 55 server . 
is provided that , when executed by at least one processor , is 8. The method of claim 1 , further comprising further 
configured to cause the processor to : determine that a updating the map based on data from an external informa 
vehicle has come within a predetermined range of a road tion source other than a central server . 
side unit , establish a communication link with the vehicle , 9. A device comprising : 
receive , from the vehicle , data sufficient to identify a vehicle 60 an interface unit configured to enable network communi 
type of the vehicle , based on the vehicle type , select a map , cations ; 
stored by the road side unit , for the vehicle , send a query to a memory ; and 
a neighbor road side unit seeking data to augment the map , one or more processors coupled to the interface unit and 
in response to the query , receive the data to augment the map the memory , and configured to : 
from the neighbor road side unit , update the map based on 65 determine that a vehicle has come within a predetermined 
the data to augment the map to obtain an updated map , and range of the device ; 
send at least aspects of the updated map to the vehicle . The establish a communication link with the vehicle ; 

35 
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receive , from the vehicle , an indication of a vehicle type 15. A non - transitory tangible computer readable storage 
of the vehicle ; media encoded with instructions that , when executed by at 

based on the indication of the vehicle type , select a map , least one processor , is configured to cause the at least one 
stored by the device ; processor to : 

send a query to a road side unit requesting augmented map determine that a vehicle has come within a predetermined 
range of a first road side unit ; data ; establish a communication link with the vehicle ; in response to the query , receive the augmented map data receive , from the vehicle , an indication of a vehicle type from the road side unit ; of the vehicle ; 

update the map based on the augmented map data result- based on the indication of the vehicle type , select a map , 
ing in an updated map ; and stored by first the road side unit ; 

send at least aspects of the updated map to the vehicle , send a query , to a second road side unit , requesting 
wherein the predetermined range of device is stored in the augmented map data ; 

road side unit , and a predetermined range of the road in response to the query , receive the augmented map data 
side unit is stored in the device , and wherein the device from the second road side unit ; 
sends the query requesting augmented map data to the update the map based on the augmented map data result 
road side unit using the predetermined range of the ing in an updated map ; and 
second road side unit stored in the device . send at least aspects of the updated map to the vehicle , 

10. The device of claim 9 , wherein the one or more wherein the predetermined range of the first road side unit 
is stored in the second road side unit , and a predeter processors are further configured to send at least aspects of 

the updated map by sending differences between a map mined range of the second road side unit is stored in the 
stored in the vehicle and the updated map . first road side unit , and wherein the first road side unit 

11. The device of claim 9 , wherein the one or more sends the query requesting augmented map data to the 
second road side unit using the predetermined range of processors are further configured to receive sensor data from the second road side unit stored in the first road side a plurality of vehicles within the predetermined range . unit . 12. The device of claim 11 , wherein the one or more 

processors are further configured to update the map based on 16. The computer readable storage media of claim 15 , 
further comprising instructions to cause the processor to : the sensor data . 

13. The device of claim 11 , wherein the one or more send at least aspects of the updated map by sending 
differences between a map stored in the vehicle and the processors are further configured to determine a deviation 

value between the sensor data and an aspect of the map , and updated map . 
further update the map when the deviation value is beyond 17. The computer readable storage media of claim 15 , 

further comprising instructions to cause the processor to : a predetermined threshold value . 
14. The device of claim 13 , wherein the one or more receive sensor data from a plurality of vehicles within the predetermined range . processors are further configured to send an indication of the 

sensor data to a central server . 
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